Thirty-seven independently cloned segments of Drosophila melanogaster DNA (Dm segments) were individually tested for their ability to promote the synthesis of new polypeptides in Escherichia coli K-12 Hybrid DNA molecules consisting of Drosophila melanogaster DNA segments (Dm segments) inserted into bacterial plasmids have been constructed in vitro and cloned by propagation in Escherichia coli K-12 (1, 2). Primary interest in these cloned segments has centered on the unparalleled advantages they offer for the molecular analysis of gene structure, organizatipn, and expression in D. melanogaster chromosomes (1-7). By contrast, only scant attention has been paid to the basic question of whether structural genes carried by the cloned Dm segments can be expressed in the bacterial host. It is this question that we address here.
translated to yield the Dm1O7 protein were thereby mapped at the center of the 18,000-base pair Dm1O7 segment, which consists of nonrepetitive sequences located at the base of the right arm of chromosome 2. The four polypeptides produced by the four pDm plasmids require sequences of 4000 base pairs for their translation, and the total amount of DNA in the 37 cloned Dm segments that were tested is approximately 400,000 base pairs. Because no new polypeptides were detected with the remaining 33 pDm plasmids, the fraction of D. melanogaster sequences that can be efficiently translated in E. coli K-12 is estimated to be 1 X 10-2.
Hybrid DNA molecules consisting of Drosophila melanogaster DNA segments (Dm segments) inserted into bacterial plasmids have been constructed in vitro and cloned by propagation in Escherichia coli K-12 (1, 2) . Primary interest in these cloned segments has centered on the unparalleled advantages they offer for the molecular analysis of gene structure, organizatipn, and expression in D. melanogaster chromosomes (1) (2) (3) (4) (5) (6) (7) . By contrast, only scant attention has been paid to the basic question of whether structural genes carried by the cloned Dm segments can be expressed in the bacterial host. It is this question that we address here.
In the first part of this paper we describe experiments in which 37 independently cloned Dm segments were screened for their ability to promote the synthesis of new polypeptides in E. coli K-12. These segments had been inserted into the tetracycline resistance plasmid pSC101, to form hybrids that are called pDm plasmids. The pDm clones were unselected because one of our purposes was to obtain an estimate of the fraction of D. melanogaster sequences that can be translated in E. coli. Only four new polypeptides were observed as a result of the insertion of a total of approximately 400,000 base pairs (400 kb) of D. melanogaster DNA among the 37 pDm plasmids. One of the four plasmids that produced a new polypeptide was ex-
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MATERIALS AND METHODS E. coli K-12 strains HB101 (8) and the minicell-producing P678-54 (9) have been described. AR1062 is a restrictionless (HsdR-) derivative of P678-54 that we made by phage P1 transduction. The plasmids pSC101, pSCl05 (10) , and pDmlOl-to-107 (2) have been described. Plasmids pDm800 to pDm831 were formed by the insertion of randomly sheared D. melanogaster (Dm) segments into pSC101 at its EcoRI site according to the dA-dT connector method (1) . Transformations were carried out as described by Glover (11) . All plasmids containing Dm segments were propagated under EKI and P2 containment conditions, as defined by the "National Institutes of Health Recombinant DNA Research Guidelines" (Fed. Reg., July 7, 1976) .
Restriction endonucleases EcoRI (12), BamHI (13), HindIII (14) , and Sst I (S. Goff and A. Rambach, unpublished isolation from Streptomyces stanford, ATCC 29415) were provided by S. Goff and prepared according to the indicated references. Lengths of DNA restriction fragments were obtained by agarose gel electrophoresis (5) . Plasmid DNAs were isolated as described by Wensink et al. (1) , except that the following simpler procedure was used for the analysis of the pDmlO7 derivatives (Fig. 2) . Bacterial lysates were obtained as before (1) , except that 0.05% Triton X-100 was used in place of 0.5% Brij 58. The lysates were heated to 650 for 15 min, the white aggregates formed by the heating were removed by centrifugation (Sorvall SS 34 rotor, 10,000 rpm, 10 min), and 2 ml of the supernatant was made 0.25 M NaCI and 10% in polyethyleneglycol (Carbowax 6000) by addition of 5 M NaCI and 40% polyethyleneglycol. After overnight storage at 40, centrifugation (Sorvall SS 34 rotor, 5,000 rpm, 10 min) yielded a pellet that was suspended in 1 ml of 0.25 M NaCl/1.0 mM EDTA/10 mM Tris-HCl, pH 8.0, and then mixed with 2 volumes of ethanol. After overnight storage at -20°, the mixture was centrifuged (Sorvall SS 12 rotor, 10,000 rpm, 10 min) and the pellet was suspended in 0.5 ml of 1.0 mM EDTA/10 mM Tris-HCI, pH 8.0 to yield a preparation that is sufficiently enriched in plasmid DNA to allow restriction analysis and transformation. This method has the advantage that it allows one to screen large numbers of clones.
Abbreviations: kb, 1000 bases or base pairs in single-or double-stranded nucleic acids; NaDodSO4, sodium dodecyl sulfate; Dm, derived from Drosophila melanogaster; TcR and TcS, tetracycline resistant and sensitive, respectively; KmR, kanamycin resistant. (16) supplemented to 0.5% glucose, 1% vitamin-free casamino acids (Difco), and, for tetracycline-resistant (TcR) bacteria, tetracycline at 15 jg/ml. After 16 hr of growth with agitation at 370, bacteria were harvested by centrifugation (Sorvall SS 34 rotor, 10,000 rpm, 10 min) and resuspended in 0.5 ml of BSG (0.85% NaCl/0.03% KH2PO4/0.06% Na2HPO4/gelatin at 100 ,gg/ml). Minicells were then purified at room temperature by the following modification of the technique of Roozen et al. (15) . Zone sedimentation of the bacterial suspension through 4.0 ml of a 10-30% sucrose gradient in BSG (Sorvall GLC-1 rotor, 3,000 rpm, 25 min) produced a band of minicells that was removed by a pasteur pipette, harvested by centrifugation (Sorvall SS 12 rotor, 10,000 rpm, 10 min), resuspended in 0.5 ml of BSG, and purified through a second sucrose gradient. The purified minicells (S1 bacterium/107 minicells) were harvested as before, resuspended in 0.75 ml of M9/0.5% glucose plus 0. (20 ,ul) were layered onto a slab gel (13% acrylamide:N,N'-methylenebisacrylamide at 30:0.8/0.28 M Tris-HCl, pH 8.8/0.1% NaDodSO4) and electrophoresed at 12 V/cm for 3-4 hr at room temperature. Autoradiographs of the dried gels were developed after 2-7 days of exposure. Apparent molecular weights for the six bands produced by pSC101 (I, 36,000; II, 34,000; III, 26,000; IV, 22,000; V, 20,500; VI, 20,000) were assigned on the basis of their mobilities relative to those for the light (25,000) and heavy (55,000) chains of hamster gamma globulin. The apparent molecular weights for the new bands produced by certain pDm plasmids (arrows; see text) were similarly derived from the values for the pSC101 bands.
RESULTS
The Test System. The 37 pDm plasmids divide into two groups according to the method used to insert the Dm segment at the EcoRI site of pSC101. In six (pDmlOl to 103 and pDmlO5 to 107) the connection between the Dm and pSC101 DNAs was effected by ligation of EcoRI termini (2) ; in the remaining 31 (pDm800 to 803 and pDm8O5 to 831), the connection consisted of dA-dT joints (1) .
Detection of the set of polypeptides specified by a given plasmid is difficult because the host polypeptides far outweigh those produced by the plasmid. We therefore turned to the minicell technique for measuring plasmid proteins (15) . Minicells are produced by budding during the growth of certain E. colt K-12 mutants. They do not contain the bacterial chromosome, but do contain the plasmids carried by the parental cells. The synthesis of host proteins in minicells decreases dramatically due to the decay of mRNA that cannot be regenerated, whereas plasmid protein synthesis is maintained. The 37 pDm plasmids were therefore transferred toqa restrictionless, minicell-producing strain, AR1062, by transformation. Minicells containing the desired plasmids were then isolated and labeled with [a5S]methionine,'their polypeptides were separated by sodium dodecyl sulfate (NaDodSO4) gel electrophoresis, and the labeled polypeptides in the gel were detected by autoradiography (see legend, Fig. 1 ). The test for a Dm-dependent polypeptide depends on the observation of a new band in the autoradiographic pattern generated by a given pDm that is not present in the pattern generated by pSC101.
The Screen. The pattern generated by pSC101 is characterized by the six bands that are labeled I-VI in Fig. 1 . After comparable exposure, the autoradiographs generated by control minicells that lack plasmids are either completely blank or contain faint bands that are also occasionally visible in autoradiographs from plasmid-containing minicells (not shown). None of the six pSC101 bands can be detected in the controls. The pSC101 pattern given in Fig. 1 is like that observed by others (17) (18) (19) , although different groups report somewhat different molecular weights for the pSC101 polypeptides, as estimated from their mobilities in the NaDodSO4 gels. The apparent molecular weights that we observe (legend, Fig. 1 ) correspond closely to those given by Meagher et al. (19) , except that they report a small polypeptide of 14,000 daltons. We do not score autoradiographic responses in the region of the gels corresponding to this and lower molecular weight polypeptides because such responses are variable, diffuse, and of dubious significance, a condition that Meagher et al. (19) have also noted.
The bands produced by 33 of the 37 pDm plasmids can all be accounted for by the pSC101 bands or by the faint bands of the controls (e.g., pDmlOl, 103-106, 812-816; Fig. 1 ). The four remaining hybrids each exhibit a single, well-defined band that is not produced by pSC101 or the controls. Those obtained with pDmlO2 and 107 are indicated by the arrows in Fig. 1 these deletion mutants was transferred to AR1062, and autoradiographs of the labeled polypeptides were prepared from the respective minicells in the standard manner. The right-hand column in Fig. 2 indicates the failure (-) or success (+) of each deletion in promoting the synthesis of the Dm107 protein.
All of the deletions that lack the H-J region of the Dm1O7 DNA are defective for this synthesis; hence, we conclude that part of all of the required sequences are located here. The H-J segment is 2.1 kb long, about twice the length required to code for a polypeptide of 38,000 daltons. pDm884 is not defective for Dm107 protein synthesis, and, because it lacks the adjacent D-G segment, none of the required sequences can be located here.
Additional mapping data were obtained from the synthetic capacities of hybrid plasmids consisting of the C-K Bam I fragment of Dm107 inserted into another plasmid vector, pSC105 (10) . Fig. 3 Fig. 2 apply here. The hatched part of the bar represents the 7.2-kb kan fragment (5) that was inserted at the EcoRI site of pSC101 to create pSC105 (10) . The C-K Bam I fragment was inserted into pSC105 by mixing Bam I digests of pSC105 (10 /Ag/ml) and pDml07 (60 gg/ml) DNAs, and ligating this mixture as described in the legend to Fig. 2 . Among 108 KmR clones obtained by transformation of HB101 with the ligated DNA, 19 were TcS, and of these, 9 contained plasmids consisting of the C-K Bam I fragment inserted into pSC105, as shown by electrophoresis of Bam I digests of the 19 plasmid DNAs. The 9 plasmids divide into the two orientation classes represented by pkDm896/1 and pkDm896/2 (see text). The strong K band produced by pSC105 and its derivatives appears to result from the kan fragment because we have observed it with pML2, a plasmid consisting of the kan fragment inserted into the ColEl plasmid (20) . The insertion of the C-K fragment at the Ban I site of pSC105 to produce the two pkDm derivatives can be seen to result in the loss of the pSC101 band I. Because this insertion also results in a TcR-to-TcS conversion, we suppose that band I derives from a tet gene. All of the other six pSC101 bands, except the variable band III, are formed by all three plasmids. of pDmlO7 and pSC105 DNAs (Fig. 3 legend) . Nine independently cloned hybrids consisting of the C-K Bam I fragment of Dm107 inserted into pSC105 were obtained in this manner. They divide into two classes: three have the orientation indicated for pkDm896/1 in Fig. 3 , and six have the opposite orientation exhibited by pkDm896/2. The two classes were distinguished by electrophoresis of their HindIll fragments in 0.5% agarose gels, where the length of the 6+C fragment produced by pkDm896/1 is easily distinguished from that of the S+K fragment of pkDm896/2 (Fig. 3) .
pkDm896/1 and pkDm896/2 were transferred to AR1062, as was pSC105. Autoradiographs of the labeled polypeptides formed in the respective minicells are given in Fig. 3 FIG. 4. Polypeptide synthesis promoted by the H-I segment. pDm864 was constructed, cloned, and mapped as described for pDm862 in Fig. 2 , and the symbols used in that figure apply here. The orientation of the H-I insertion in pDm864 is not known.
following two experiments strongly suggest that the coding sequences for the Dm0O7 protein are confined to the H-J segment.
The ligation of the HindIII digestion products of pDmlO7 produces complex as well as simple deletions. pDm864 is such a complex deletion, and Fig. 4 shows that it differs from the simple pDm862 deletion by the insertion of the H-I segment, yielding a double deletion lacking the B-G and J segments. A comparison of the autoradiographs of the labeled polypeptides produced by pDm862 and 864 in AR1062 minicells indicates that the H-I insertion is responsible for the formation of two new polypeptide bands that migrate just in front of the pSC101 bands I and II-one strong band with an apparent molecular weight of 33,000 and a weaker band at 32,000.
The simplest explanation for these new polypeptides is that they represent truncated Dm107 proteins whose translation is initiated normally in the H segment, proceeds through the I segment, and is prematurely arrested because the J segment is absent. If it is assumed that "false" translation of sequences lying outside of the H-I insertion contributes little to the 33,000-dalton polypeptide, then approximately 45 amino acids at the carboxyl end of the Dm107 protein should be coded by sequences in J; and, because only 135 of the approximately 345 codons required for 38,000-dalton Dm1O7 protein can be contained in I, the remaining 165 codons should be in H. Any contribution of false translation to the 33,000-dalton polypeptide will alter the calculation to increase the codons in J and decrease them in H. For example, the median expectation for terminator codons that are randomly distributed among the falsely translated sequences is that they will cause termination prior to the false translation of 15 codons, and application of this expectation will change the calculated number of codons in H and J to 150 and 60, respectively.
This explanation leads to a prediction that has been tested regarding the polypeptides expected to be produced by the A-D, E-H, and I-M EcoRI fragments of Dm107 when each is inserted into pSC101 (Fig. 5) . Clearly, only the E-H plasmid should yield a new polypeptide, and its molecular weight should be approximately 18,000, the exact value depending upon the relative amounts of false translation for this and the pDm864 plasmid. Fig. 5 shows that each of four independently cloned hybrids containing the E-H fragment yields two bands migrating in advance of the pSC101 band VI-an intense band at 17,000 daltons and a weaker one at 18,000. It is curious that and using the products to transform HB101 to Tceas described in Fig.  2 . The individual autoradiographs were obtained from independently cloned hybrids that had each been transferred to AR1062. The orientation of the EcoRI fragment in the different hybrids has not been determined.
a pair of polypeptides differing in molecular weight by 1000 is produced by both this and the preceding presumptive truncation of the Dm107 protein. Perhaps the shorter member of each pair derives from the longer by loss of a common segment that is made sensitive to proteolytic cleavage by incomplete folding of the truncated polypeptides.
It should be emphasized that no other new polypeptide was produced by the hybrids containing the EcoRI fragments. The band that is seen between pSC101 bands I and II in all the autoradiographs of Fig. 4 does not result from the plasmids because it is also seen with the AR1062 control lacking plasmids, when, as was the case here, the second sucrose gradient centrifugation is omitted during purification of the minicells (see Fig. 1 legend) (Fig. 3) .
This result also restricts the D. melanogaster DNA sequences required for the synthesis of the Dm107 protein to the C-K fragment. These sequences have been further localized to the C and H-K regions by the observation that the capacity for this synthesis is not lost by deletion of the D-G fragment from pDmlO7 (Fig. 2) . By contrast, deletion of the H-J region results in the loss of this capacity. Hence we know that the H-J region contains required sequences, whereas the C and K segments may, but do not necessarily, contain such sequences.
When the I and I-J segments are deleted from the right end of the critical H-J region, progressively shorter polypeptides Transcription of these coding sequences must then proceed -from a promoter located to their left. That such a promoter resides within the C-K fragment is suggested by the equivalent amounts of the Dm107 protein generated by this fragment in both orientations (Fig. 3) . The direction of transcription and the observation that deletion of the D-G region (Fig. 2) and of the B-G region (Fig. 4) Our data allow us to map another kind of sequence in Dm1O7-namely, that responsible for the diminution of the synthesis of the pSC101 band III polypeptide, a diminution that has been observed for many of the pDm hybrids, including pDmlO7 (Fig. 1) . Fig. 5 shows that such sequences reside in the A-D region, and examination of other pDmlO7 deletions (e.g., pDm862; Fig. 4 ) indicates they can be further localized to the A segment. The fact that the sequence-specific effect of the Dm insertions on the synthesis of this polypeptide is quantitative rather than qualitative (Fig. 1) (18, 19) ; indeed, Meagher et al. (19) suggest that these codons derive, at least in part, from the vector DNA. While this estimate involves other uncertainties, including the fact that our scoring criteria will exclude certain polypeptides, we think it represents a useful first approximation, particularly because the other methods that have been used to detect the expression of eukaryotic DNAs in E. coli K-12 require extreme selective pressures (21, 22) .
